The complete degradation of lignin in natural environments involves numerous microorganisms, including both fungi and bacteria (36) . Although most research on the biochemistry and genetics of lignin degradation has focused on fungi, bacteria are also capable of solubilizing, transforming, and mineralizing a variety of lignin preparations and lignin-like polymers and monomers (39) . In certain environments, including anaerobic sediments, waterlogged wood (27, 28) , and coastal seawater and sediments (4), bacterial lignin degradation may actually predominate over fungal degradation.
The pulp and paper industry is a major source of polymeric and highly recalcitrant lignin compounds entering the marine environment. A study conducted to assess the degradation potential of marine bacteria for pulp mill wastes rich in ligninrelated compounds led to the isolation of new prokaryotic organisms. These isolates were obtained from marine enrichment cultures in which the high-molecular-weight fraction of pulp mill waste, which is known to be slowly transformed biologically, was the sole carbon and energy source. Two isolates, IRE-3IT (T = type strain) and KW-40T, contributed up to 23 and 2%, respectively, of the pulp mill waste enrichment community DNA based on strain-specific oligonucleotide probes (13).
The phenotypic and phylogenetic characteristics showed that these isolates belong to previously undescribed genera of marine bacteria. We propose the names Microbulbifer hydrolyticus gen. nov., sp. nov., and Marinobacterium georgiense gen. nov., sp. nov., and designate IRE-31 and KW-40 the type strains, respectively.
States hardwood species. The high-molecular-weight fraction was obtained by using tangential flow filtration through a cellulose membrane with an approximate exclusion size of 1,000 daltons (Pelicon; Millipore Corp., Bedford, Mass.). Approximately 4 g of the black liquor was dissolved in 2 liters of 0.1 M NaOH. The solution was then continuously circulated through the membrane, and new NaOH solution was added until the A,,, of the filtrate was reduced from 0.2 to 0.02. The absorbance of the concentrate indicated that 36% of the original material remained at the end of the filtration.
The enrichment medium consisted of 3 liters of filter-sterilized seawater (20%0) amended with 5 p M NH,NO,, 1 pM KH2P04, and the high-molecularweight fraction of black liquor at a concentration of 20 mg of C liter-'. Triplicate cultures in 6-liter flasks were inoculated with 20 ml of freshly collected seawater from the salt marsh at Sapelo Island, Ga., that had been filtered through a 1-pm-pore-size Nuclepore filter and contained 5.6 X lo5 bacterial cells ml-', as determined by acridine orange direct counting (15). Due to the remoteness of the island, the seawater had no prior exposure to paper industry wastes. However, lignin-containing detritus was readily available from the cord grass Spartina afterniflora, the predominant vegetation. At the time of collection, the water was cloudy and brown-green. After inoculation of the enrichment cultures, three subsequent transfers were carried out (20 ml into 3 liters of fresh medium) at 2-week intervals. All of the flasks were incubated in the dark at room temperature with shaking at 100 rpm. The pH of the medium was the same as that of the original water (pH 7.9) and did not change during incubation. All of the glassware used for the enrichment cultures was combusted or treated with 10% HCl to avoid carbon contamination. At the end of the incubation, bacteria were isolated on YTSS agar plates (see below).
Media and culture conditions. YTSS agar contained 4 g of yeast extract (Difco Laboratories, Detroit, Mich.), 2.5 g of tryptone (Difco), 20 g of sea salts (Sigma Chemical Co., St. Louis, Mo.), 18 g of agar, and 1 liter of distilled water. The strains were stored in YTSS broth containing 15% glycerol and 15% dimethyl sulfoxide at -70°C (YTSS broth was the same as YTSS agar except that agar was omitted). Other media used were marine agar 2216, marine broth 2216 (Difco), and marine salts basal medium (BM) (3) supplemented with various carbon sources. Unless specified otherwise, each carbon source was added at a concentration of 0.1% (wthol or vol/vol [for liquids]). BM agar was prepared by adding 18 g of agar per liter. Liquid cultures were grown at 25°C in the dark and at 300 rpm in a rotatory shaker. Plate cultures were grown at room temperature.
The ability to grow on various carbon sources was tested in 8 ml of BM supplemented with 1 ml of a mineral solution (3.92 mg of CuC1, 2H20 INT. J. SYST. BACTERIOL. 3.82 mg of H,BO, in 100 ml of distilled H,O) per liter and 1 ml of a vitamin solution (2 mg of biotin, 2 mg of folic acid, 10 mg of pyridoxine-HCl, 5 mg of riboflavin, 5 mg of thiamine, 5 mg of nicotinic acid, 5 mg of pantothenic acid, 0.1 mg of cyanocobalamin, and 5 mg of p-aminobenzoic acid in 100 ml of distilled H,O; pH adjusted to 7) per liter.
Morphological, biochemical, and physiological tests. The motility of exponential-phase cells was examined in BM containing succinic acid and in marine broth 2216 by the hanging drop method. Poly-(3-hydroxybutyrate accumulation was determined by extraction of late-exponential-phase cultures in BM containing glucose (6). Pseudomonas cepacia that was grown in tryptic soy broth (Difco) served as a positive control. Production of bacteriochlorophyll a was assayed as described by Ledyard et al. (19) by using Roseobacter denitriJcans and Roseobacter litoralis as positive controls. Catalase production was assayed by using 0.3% hydrogen peroxide with a colony taken from BM containing yeast extract. Oxidase activity was determined by the method of Kovacs (16) by using colonies from the same plates.
Fermentation of D-glucose and denitrification were tested as described by Baumann and Baumann (3) . Escherichia coli and Pseudomonas aeruginosa served as positive controls. Starch hydrolysis and Tweenase 80, gelatinase, and chitinase activities were assayed as described by Baumann and Baumann (3) . Agarase activity was assayed as described by Smibert and Krieg (30) . Growth under anaerobic conditions was tested on marine agar 2216 in a GasPak system (BBL, Cockeysville, Md.).
Susceptibilities to inhibitors were determined on BM agar containing yeast extract by using susceptibility disks (Difco). Resistance was defined as confluent growth up to the edge of a disk.
To test for growth on various carbon sources, an inoculum was grown to an A,,, of approximately 1 in BM containing yeast extract, and the inoculum size was 2.5%. A test was considered positive when turbidity was visible after three transfers (2.5% each). Growth without vitamins was also tested in BM containing glucose, acetate, citrate, or glutamate. In some experiments, the vitamin solution was replaced with a solution containing 100 mg of thiamine, 100 mg of nicotinic acid, 100 mg of pantothenic acid, and 1 mg of biotin in 100 ml of distilled H,O. Incubations were performed in duplicate in the dark at 25°C. In the case of aromatic compounds, the disappearance and transformation of the substrate in the supernatant were monitored spectrophotometrically. When there was no growth, the substrate was tested for toxicity by adding yeast extract to a final concentration of 0.1 % (wt/vol).
Degradation of birchwood xylan (Sigma) was tested on solid and in liquid BM containing 0.5% xylan as the sole carbon source. Degradation of cellulose was tested on BM agar containing 0.5% Avicel (microcrystalline cellulose type PH-105; FMC Corp., Philadelphia, Pa.), 60-mesh cotton, or 60-mesh Whatman no. 1 paper along with 0.2% cellobiose as a second carbon source or on BM agar containing 0.5% carboxymethyl cellulose (Sigma) as the sole carbon source. After 1 week of incubation at 37"C, the Congo red test (29) was performed.
The growth responses to temperature and sea salts were measured in BM containing yeast extract and in BM containing glucose at 25"C, respectively. The growth response to NaCl was measured in BM containing 0.2% yeast extract at 37°C. The response to pH was determined in BM containing glucose at 25°C. The pH was adjusted with 10 M HCI or 10 M NaOH. To determine the temperature response, inocula were adapted by growing them within 5 to 6°C of the temperature being tested. To determine the sea salts response, inocula were grown in media containing either twice or one-half the tested concentration of sea salts. To determine the pH response, the inocula were grown in media having pH values within 1 pH unit of the pH being tested. To determine the NaCl response, the initial inoculum was grown in the presence of 0.2 M NaCI. Growth rates at other NaCl concentrations were determined following stepwise transfers to the higher and lower concentrations tested. For instance, the initial culture was used to inoculate media containing 0.1 and 0.25 M NaCI, the culture containing 0.25 M NaCl was used to inoculate a culture containing 0.5 M NaCI, and the culture containing 0.1 M NaCl was used to inoculate a culture containing 0.01 M NaCI. In every case, the transfer was performed during exponential growth. To determine if NaCl was required for growth, it was replaced with equimolar concentrations of KCI or LiC1. Growth was monitored by determining the A,,,.
Potential nitrogen sources for growth were tested on BM containing glucose without NH4CI. Media containing an equimolar concentration of KNO,, 0.1% Casamino Acids, or no fixed nitrogen were then tested.
The effect of preexposure to MgZt or Na+ ions on lysis in distilled water was studied by using cells from the exponential growth phase cultured in BM containing 0.2% yeast extract. The cells were washed three times in 50 mM Tris chloride (pH 7.5) buffer containing 0.5 M NaCl or 0.05 M MgCI, and then resuspended in distilled water to an A4,11 of 0.1 (17). Lysis was recorded for 1 h.
Electron microscopy. The cells were grown in BM containing 0.2% glucose and 0.01% yeast extract. Negative staining was performed with an aqueous solution (2%, wt/vol) of phosphotungstic acid adjusted to pH 7.0 as described previously (1, 25). Ultrathin sectioning was performed by previously described procedures (37) . Electron micrographs were taken with a Philips model EM 301 instrument operated at an acceleration voltage of 80 kV.
DNA base composition. The isolates were grown in marine broth 2216, and DNA was extracted by an NaOH procedure (20). The DNA was desalted by using Wizard DNA clean-up minicolumns (Promega Biological Research Products, Madison, Wis.). The base composition was determined as described by Mesbah et al. (20) .
Cellular fatty acid analysis. Fatty acid methyl ester analyses were performed at Microbial ID, Inc., Newark, Del. The isolates were grown on marine agar 2216. Briefly, cells were saponified in 1.0 ml of reagent 1 (15 g of NaOH, 50 ml of methanol, 50 ml of water) at 100°C for 30 min prior to methylation with 1.5 ml of reagent 2 (325 ml of 6 M HCI, 275 ml of methanol). Following extraction, the fatty acid methyl esters were analyzed by gas chromatography.
DNA extraction and sequencing of 16s ribosomal DNA. DNA was extracted by the method of Tsai and Olson (34) . Primers were used to amplify overlapping portions of the 16s rRNA gene by PCR. Each PCR mixture contained 50 ng of DNA, 0.3.5 mM MgCI,, each deoxyribonucleoside triphosphate at a concentration of 70 wM, each primer at a concentration of 50 nM, and 1 U of Taq DNA polymerase (Promega) in a total volume of 100 pl. After a hot start at 82°C for 10 min, the PCR cycle parameters were as follows: preheating for 3 min at 94"C, denaturation at 94°C for 1 min, annealing at 45°C for 1 min, and extension for 2 min at 72°C. After 45 cycles, the PCR products were analyzed in 3% (wt/vol) agarose to confirm their size and purity, then extracted with phenol, phenolchloroform, and chloroform, and precipitated with isopropanol. The primers used for PCR were as follows:
(AAACTCAAAKGAATTGACGG), 1406R (ACGGGCGGTGTGTRC) (18), and 1524R (AAGGAGGTGATCCAGCC) (K is G or T, R is A or G, W is A or T, M is A or C, and N is any base).
The sequence of each PCR product was determined in both directions with an automated sequencer at the University of Georgia Molecular Genetics Instrumentation Facility. The secondary structures of 600 bases of each sequence were constructed manually and compared with the secondary structure of E. coli to look for amplification or sequencing mistakes,
Comparative analysis of 16s ribosomal DNA. Evolutionary distances were calculated from the aligned sequences by using the Jukes-Cantor correction (positions containing base ambiguities, deletions, or insertions were not considered) and the PHYLIP package (8). Phylogenetic trees and a bootstrap analysis were performed with the PHYLIP package and the PAUP version 3.0 package (32) by using the neighbor-joining and unweighted pair group with mathematical average (UPGMA) methods. Parsimony and Lake's invariant analyses were performed by using the PAUP version 3.1 package. The maximum-likelihood method used was the method in the PHYLIP package. Parsimony trees were constructed by using the heuristic method. In every case, the trees were unrooted and contained different outgroups for comparison.
Nucleotide sequence accession numbers. The 16s rRNA sequences of strains IRE-31T and KW-40T have been assigned GenBank accession numbers U58338 and U58339, respectively. The accession numbers of the other sequences uscd to construct phylogenetic trees are as follows: Alteromonas macleodii, L10938; Antarctic gas vacuolate bacterium (14) 
RESULTS

Isolation.
Isolates IRE-31T and KW-40T were obtained from single colonies on YTSS medium following the third transfer of the pulp mill waste enrichment culture. Both strains were judged to be pure after the isolated colonies were restreaked on YTSS medium more than five times.
Cellular and colonial morphology. Light microscopic examination revealed that the cells of strain IRE-31T were straight rods which stained gram negative and were 1.1 to 1.7 Frn long and 0.3 to 0.5 pm in diameter. In most media and suspensions of colonies, strain IRE-31T appeared as single cells. However, in BM containing 0.5% xylan, the cells formed long chains. In marine broth the cells formed shorter chains. After 1 week, colonies on complex or defined media were 1 mm or less in diameter, circular, convex with entire margins, and cream colored.
Electron microscopic analyses confirmed the cell morphology, size, and type of cell wall ( Fig. l a and g ). In addition, both in negatively stained samples ( Fig. l a and b ) and in ultrathin sections (Fig. le) , the cell surface appeared to be covered by blebs and vesicles formed by local extensions of the peripheral wall layers, without involvement of the cytoplasmic membrane. High magnification revealed that these blebs and vesicles were made up of one or two concentric layers (Fig. l b and d) . As described by Forsberg et al. (9) , the outer membrane did not strongly adhere to the peptidoglycan layer (Fig. l a and b) , suggesting a possible mechanism of vesicle formation. The outermost wall layer was composed of regularly arranged units, a feature typical of surface layers (S-layers) (Fig. lb) . Units of this type, in more or less nonordered fashion, also covered free vesicles (Fig. Id) , which presumably were formed by the outer membrane. The loss of order in the S-layer was probably caused by partial degradation. A n additional structural aspect seen after negative staining (Fig. lc) and ultrathin sectioning (Fig. lf) was that many of the cells were covered by a dense network of thin fibers, presumably consisting of polysaccharides. This capsular material was also visualized by phase- contrast microscopy following negative staining with India ink (21). Cells of IRE-31T were not motile during exponential growth in marine broth 2216, marine agar, or BM containing succinate. Neither flagella nor fimbriae were detected in samples inspected by electron microscopy.
Cells of strain KW-40T were motile, 1.6 to 2.3 p,m long, and 0.5 to 0.7 km in diameter. They stained gram negative. After 1 week of incubation, colonies of strain KW-40T on complex or defined medium were 0.5 mm or less in diameter, circular, convex with entire margins, and translucent.
Electron microscopy of strain KW-40T confirmed the type of cell wall (Fig. 2) . As observed in samples of strain IRE-31T, numerous blebs and vesicles covered the surfaces of the cells (Fig. 2a) . The outer membrane did not strongly adhere to the peptidoglycan layer (Fig. 2a) . The cell wall (Fig. 2c) and the surfaces of the blebs and vesicles (Fig. 2b) were covered by an S-layer that was not clearly visible in ultrathin sections (Fig.  2d) . A number of cells had a single polarly inserted flagellum ( Fig. 2a and b) and fimbriae (Fig. 2b) . Thin fibers, presumably consisting of polysaccharides, were also present at the cell surface, but they were not a prominent structural feature. A distinct capsule was not observed by phase-contrast microscopy and negative staining.
Culture and growth conditions. Neither isolate produced fluorescent or diffusible pigments on marine agar 2216 or BM containing yeast extract. The isolates grew in Shioi's marine medium, as adapted by Shiba (26), but they did not grow on tryptic soy agar. The best growth was observed in marine broth 2216. Both isolates had an absolute requirement for NaCl and failed to grow when NaCl was replaced with KC1 or LiC1. Cells of both strains lysed in distilled water if the cells were first washed with 0.5 M NaCl, while washing with 0.05 M MgC1, prevented lysis; this response is common among bacteria isolated from marine environments (17, 24).
The growth of both isolates in defined medium was considerably enhanced by the addition of 0.005% yeast extract or a vitamin solution. When each of the vitamins in the vitamin solution was added singly, growth was not enhanced. Similarly, the addition of a combination of thiamine, nicotinic acid, pantothenic acid, and biotin had no effect. Growth was also enhanced by vigorous shaking.
Both isolates exhibited similar growth rates and had similar final cell densities in BM containing yeast extract and 0.1,0.25, 0.5, or 1 X sea salts. Optimal growth of isolate IRE-31T was observed in the presence of 0.1 to 0.5 M NaCl (Fig. 3A) . Growth occurred in the presence of NaCl concentrations rang- Temperature ("C)
FIG. 3. Growth responses of strain IRE-31T (W) and strain KW-40T (0) to different NaCl concentrations (A) and temperatures (B).
ing from 0.1 to 1 M but not in the presence of 0.01 or 1.5 M NaCl. The temperature range for growth was 10 to 41"C, and the optimum temperature was 37°C (Fig. 3B) . Isolate IRE-31T grew in BM containing glucose medium at pH 6.5 to 8.5. It did not grow at pH 5.5 or 9.5, and optimal growth was observed at pH 7.5.
The optimal NaCl concentration for growth of isolate KW-40T was 0.1 to 0.5 M (Fig. 3A) . Growth was also observed in the presence of 0.01 and 2 M NaC1. The temperature range for growth was 4 to 41"C, and the optimum temperature was 37°C (Fig. 3B) . KW-40T grew at pH 5.5 to 9.5, and optimal growth occurred at pH 7.5.
Physiological and biochemical characteristics. Both isolates were catalase and oxidase positive. They did not form acid from glucose, did not reduce nitrate, and failed to grow under anaerobic conditions on marine agar 2216. They did not grow on plates of BM containing glucose without a source of fixed nitrogen. Although KNO, or Casamino Acids could substitute for NH4C1, considerably better growth was obtained when NH4C1 was the nitrogen source. Strain IRE-31T utilized the following compounds for growth: glucose, N-acetyl-D-glucosamine, cellobiose, xylose, pyruvate, acetate, propionate, butyrate, succinate, malate, m-P-hydroxybutyrate, L-alanine, L-arginine, L-glutamate, L-glutamine, L-histidine, L-leucine, L-proline, L-serine, L-threonine, ferulate, and vanillate. The substances not utilized for growth included sucrose, fructose, mannose, rhamnose, lactose, glycerol, citrate, phenol, benzoate, p-hydroxybenzoate, benzene, salycilate, p-coumarate, cinnamate, formate, methanol, methylamine, ethanol, l-propanol, 1-butanol, 2-propanol, L-asparagine, L-aspartate, glycine, L-isoleucine, L-lysine, L-me t hionine, L-p henylalanine, L-tryp tophan, and L-valine. Even though strain IRE-31T utilized a limited number of carbohydrates, it was able to hydrolyze chitin, gelatin, Tween 80, and starch, but not agar.
Strain IRE-31T hydrolyzed cellulose and birchwood xylan. When the Congo red test was applied to colonies grown on medium containing Avicel, Whatman no. 1 paper, cotton, or carboxymethyl cellulose, clear zones were observed. Following growth on birchwood xylan, clear areas around the colonies were also observed. In liquid medium, strain IRE-31T cleared BM containing 0.5% xylan. As determined by phase-contrast microscopy, cells did not appear to attach to birchwood xylan particles. However, the cell arrangement changed from single cells to chains.
Strain IRE-31T was resistant to penicillin G (10 U), streptomycin (10 pg), and vancomycin (30 pg) and was susceptible to tetracycline (30 kg) , kanamycin (30 pg), chloramphenicol (30 pg) , and am icillin (10 pg).
Strain KW-40 grew on the following carbon sources: glucose, fructose, mannose, cellobiose, xylose, glycerol, pyruvate, formate, acetate, propionate, butyrate, succinate, malate, DL-P-hydroxybutyrate, citrate, methanol, methylamine, ethanol, Strain KW-40T did not hydrolyze any of the cellulosic compounds tested or xylan.
Strain KW-40T was resistant to penicillin G (10 U) and vancomycin (30 pg) and was susceptible to tetracycline (30 pg) , streptomycin (10 pg), kanamycin (30 pg), chloramphenicol (30 kg), and ampicillin (10 pg).
Neither isolate accumulated poly-P-hydroxybutyrate, nor did the isolates produce bacteriochlorophyll a in marine broth 2216 in the dark.
G+C contents of DNAs. The guanine-plus-cytosine (G+C) content of strain IRE-31T DNA was 57.6 ? 0.3 mol% (mean * standard deviation; n = 6), and the G + C content of strain KW-40T DNA was 54.6 2 0.3 mol% (n = 6). Cellular fatty acids. Following saponification, the following major fatty acids were detected in strain IRE-31T: 15:O iso, 26.2%; 17:l is0 09c, 25.4%; 11:0 is0 30H, 5.6%; 1l:O iso, 5.0%; 17:O iso, 4.6%; 15:0, 2.7%; 17:l 08c, 1.8%; and 17:0, 1.5%. This bacterium also contained the following major fatty acids, whose levels were not determined due to poor resolution of the chromatography system: 18:l 07c, 18:l 09t, 18:l w12t, 16:l 07c, and 15 is0 20H. Strain KW-40T contained the following major fatty acids: 16:0, 27.2%; 10:0 30H, 5.5%; 10:0, 2.7%; 12:0, 1.6%; and 18:0, 1.2%. In addition, the major fatty acids whose levels were not determined due to poor resolution of the chromatography system were 18:l 07c, 18:l 09t, 18:l 0124 16:l 07c, and 15 is0 20H.
Molecular phylogenetic analysis. The sequence of an approximately 1,400-bp portion of the 16s rRNA gene was obtained for each isolate. No sequence available in the GenBank database exhibited more than 91% similarity with the sequence of either isolate. Parsimony and neighbor-joining analyses performed with representatives of the eubacterial and archaebacterial groups placed both strains in the y subclass of the Proteobacteria, close to the true pseudomonads in subgroup y-3 (22, 38). Strains IRE-31T and KW-40T exhibited an average of 91% and less than 90% sequence similarity, respectively, with the true pseudomonads and other members of this group (Fig.  4 and data not shown) . Moreover, the level of similarity between strains IRE-31T and KW-40T was only 88%. Phylogenetic analyses performed with partial and nearly complete sequences of members of closely related genera failed to detect a robust association for either isolate. The clustering determined by the parsimony method was similar to the clustering determined by the neighbor-'oining or UPGMA associated with the pseudomonads, and strain KW-40T was most closely associated with Marinomonas vaga. However, a bootstrap analysis in which neighbor joining was used gave values around 70% in both cases. When parsimony was used, the bootstrap values were less than 50% in both cases. Thus, the association of strain IRE-31T with the pseudomonad group and the association of strain KW-40T with Marinomonas vaga were not strong. Similarly, the association of strain IRE-31T with the pseudomonads and the association of strain KW-40T with Marinomonas vaga were not observed when only positions from a more conserved domain, domain I1 of the 16s rRNA, were analyzed by the parsimony, neighbor-joining, and UPGMA methods (35) . Associations were also not observed when Lake's invariant method was used with either domain I1 or complete sequences. Likewise, maximum-likelihood analyses of the complete and domain I1 sequences yielded different clusters despite the fact that all branches on the tree were significantly positive at P < 0.01. Thus, neither isolate appeared to be strongly affiliated with any of the previously described genera in the y-3 subgroup. method (data not shown). Strain IRE-31 Jr was most closely
DISCUSSION
Both isolates possessed a wide range of catabolic activities that might explain their abundance in the pulp mill waste enrichment culture. Isolate IRE-31T hydrolyzed natural polymers like cellulose and hemicellulose that might be components of the enrichment culture carbon source. Although KW-40T did not utilize these polymers, it catabolized lignin-related acids (p-coumarate, cinnamate, ferulate, and vanillate) and methanol, all of which could be derived from lignin by biological and/or chemical processes. Both isolates also utilized a variety of sugars, organic acids, amino acids, and other carbon sources that might be available in marine waters. Methylotrophic organisms have been isolated from environments with similar carbon sources (1 1). Both isolates grew well over broad ranges of salinities and mesophilic temperatures. The ability to flourish under a wide range of growth conditions and the ability to utilize a variety of substrates are probably characteristics of organisms adapted to rapidly changing environmental conditions (2), such as those typical of salt marshes, where large fluctuations in salinity, temperature, and substrate availability are common.
Both isolates had blebs on their surfaces that appeared to be formed from the outer membrane. Similar membrane structures have been described for other gram-negative and grampositive bacteria (1, 9, 12) . In a gram-negative rumen bacterium, cellulose and xylanase activities were associated with the vesicles (9). The blebs and vesicles also increase the surface area of the cells by a factor of two, which might affect nutrient uptake. Although the function of the vesicles formed by IRE-31T and KW-40T is not known, these structures could be associated with the ability to grow in enrichment medium containing high levels of lignin and other wood-derived polymers. In the case of strain IRE-31T, the vesicles could also contain hydrolytic enzymes that may be protected inside.
Strains IRE-3 lT and KW-40T are gram-negative, rod-shaped, strictly aerobic bacteria that require seawater-based medium for growth. The 16s rRNA sequence analyses unambiguously placed these organisms in the y-3 subclass of the Proteobacteria, which includes the fluorescent pseudomonads and related genera, the genera Oceanospirillum and Marinobacter, an fmtarctic gas vacuolate bacterium (14), and the family Halomonadaceae (7, 10). However, the 16s rRNAs of the new strains exhibited less than 91% sequence similarity with the 16s rRNAs of all previously described members of this subclass, and phylogenetic analysis did not reveal any strong affinities with previously described members of this subclass. Likewise, there were sufficient phenotypic differences to support assignment of strains IRE-31T and KW-40T to novel taxa. The NaCl and temperature requirements for growth exclude these organisms from the family Halomonadaceae and the genera Marinobacter and Oceanospirillum. Likewise, the G+ C contents are outside the range typical of the genera Alteromonas, Marinomonas, Marinobacter, and Oceanospirillum and, in the case of strain KW-40T, the pseudomonads. Strain IRE-31T also differs from most Pseudomonas spp. in that it is not flagellated and it utilizes a limited number of carbohydrates (23).
The fatty acid profiles of IRE-31T and KW-40T did not closely resemble the profiles of organisms previously characterized by the method used according to the microorganism identification system at Microbial ID, Inc. The fatty acid compositions most similar to strain IRE-31T composition were those of Xanthomonas spp., and the fatty acid compositions most similar to the strain KW-40T composition were those of Pseudomonas spp. However, the levels of similarity in both cases were very low.
It is also possible that the isolates resemble validly described species for which rRNA sequence and fatty acid data are not available. However, an examination of the genus descriptions that might include such species failed to identify any genus with a high level of phenotypic similarity to the isolates. Thus, The temperature range for growth is 10 to 41"C, and optimal growth occurs at 37°C. The NaCl range for growth is 0.1 to 1 M, and optimal growth occurs at NaCl concentrations between 0.1 and 0.5 M. The optimal pH is 7.5, and the pH range is 6.5 to 8.5. The organism is a strict aerobe and does not denitrify or accumulate polyhydroxybutyrate. It utilizes a limited number of carbohydrates and is able to grow only on glucose, xylose, N-acetyl-D-glucosamine, and cellobiose. Amino acids and some aromatic compounds, such as vanillate and ferulate, are used. Exhibits oxidase, catalase, cellulase, xylanase, chitinase, gelatinase, amylase and Tweenase activities. Growth factors are not required, although a complex vitamin solution or a low concentration of yeast extract is stimulatory. Capsules are produced in liquid medium.
Cells are resistant to penicillin G, streptomycin, and vancomycin and susceptible to tetracycline, kanamycin, chloramphenicol, and ampicillin.
The G + C content of the DNA as determined by high-performance liquid chromatography is 57.7 mol%. On the basis of its 16s rRNA sequence, IRE-31T belongs to the y subclass of the Proteobacteria and forms a deep branch related to the pseudomonads sensu stricto. The organism was isolated from a marine enrichment community growing on pulp mill effluent as the sole carbon source. The original inoculum was from a salt marsh on the coast of Georgia. Type strain IRE-31 has been deposited in the American Type Culture Collection as strain ATCC 700072.
Description of Marinubacterium gen. nov. Marinobacterium (Ma.ri.no.bac.te'ri.um. L. adj. marinus, of the sea; Gr. neut. n. bakterion, a small rod; L. neut. n. Marinobacterium, marine rod). Cells are rod shaped and gram negative and have numerous vesicles on their surfaces. Strict aerobe. Oxidase and catalase positive. Grows on sugars, fatty acids, aromatic compounds, and amino acids. Requires sea salt-based medium for growth. The type species is Marinobacterium georgiense.
Description of Marinobacterium georgiknse sp. nov. Mannobacterium georgiense (ge.or.gi.en'se. L. adj. georgiense, from Georgia, the place where the organism was isolated). Cells of type strain KW-40 are rod shaped (1.6 to 2.3 pm long and 0.5 to 0.7 pm wide in exponential-phase growth in glucose medium) and have numerous vesicles on their surfaces. Has a polar flagellum, fimbriae, and a typical Slayer. Cells are gram negative and motile. Colonies on marine agar 2216 are translucent.
The temperature range for growth is 4 to 41"C, and optimal growth occurs at 37°C. The NaCl range for growth is 0.01 to 2 M, and optimal growth occurs at NaCl concentrations between 0.1 and 0.5 M. The optimal pH is 7.5, and the pH range is 5.5 to 9.5. KW-40T is a strict aerobe, does not denitrify, and does not accumulate polyhydroxybutyrate. The sole carbon sources utilized include some carbohydrates and amino acids, as well as aromatic compounds, such as phenol, benzoate, and p-hydroxybenzoate, and lignin-related compounds, such as p-coumarate, cinnamate, ferulate, and vanillate. Methanol and formate are utilized, but methylamine is not utilized. The alcohols utilized include ethanol, 1-propanol, 2-propanol, and l-butanol. Exhibits oxidase, catalase, and Tweenase activities. Growth factors are not required, although a complex vitamin solution or yeast extract stimulates growth.
Cells are resistant to penicillin G and vancomycin and susceptible to tetracycline, streptomycin, kanamycin, chloramphenicol, and ampicillin.
The G + C content of the DNA is 54.9 mol%. On the basis of its 16s rRNA sequence, KW-40T belongs to the y subclass of the Proteobacteria, forming a deep branch related to the pseudomonads sensu stricto. The organism was isolated from a marine enrichment community growing on pulp mill eflluent as the sole carbon source. The original inoculum was from a salt marsh on the coast of Georgia. Type strain KW-40 has been deposited in the American Type Culture Collection as strain ATCC 700074.
